dementia may exist in pure form clinically, and be unaccompanied by any demonstrable disease of the cerebral blood-vessels. Such cases, however, must be rare, and in the majority of instances the cerebral arteries share in the senile changes present in the brain. How far the clinical features and the pathological anatomy are altered by these associated changes we do not know, and the problem is one which has been entirely unexplored.
Probably the best manner of approaching the question of the pathology of the senile psychoses is to consider first the anatomical changes in the brain occurring in healthy old age. In this way we obtain our starting-point by becoming conversant with the type of tissue upon which pathological changes become implanted. Moreover, one avoids the error of labelling as pathological certain peculiarities which are normally present in the senile brain. The term ' healthy old age " is one, of course, which is at once a challenge. It is a matter of opinion how far one is justified in speaking of a normal senium, and some would agree with Cicero in regarding old age itself as a disease. Everyone who has devoted attention to the subject will admit the very great difficulty in setting a dividing-line between the states of senescence and of senility, whether the criteria be psychical, physical or anatomical. Until the solution of this question is within sight, it will be advisable to use as a working hypothesis Rolleston's definition of old age as a "physiological or normal process of involution, with progressive atrophy and loss of vitality and free from any morbid change due to other factors, extrinsic or intrinsic."
The Senile Brain.-The pathological brain changes in the normal senium can be considered briefly. On naked-eye inspection a certain amount of atrophy is visible, causing widening of the sulci. There may be a reduction in weight amounting in exceptional cases to 200 grm. Trans-section reveals some ventricular distension; thickening of the meninges may be encountered. Sclerosis of the basal arteries is frequently present, although not an essential feature.
Histological changes in the senile brain may be discussed under three headings: neuronal changes, neuroglial alterations, and depositions of amorphous material.
Neuronal changes comprise first a disappearance of a number of nerve cells from the cortex. This process is most marked in the frontal and prefrontal regions. There is, however, a similar numerical atrophy in the cells of the basal ganglia and fig. 2 ).-These may be described in Alzheimer's own words:in the interior of the cell which is otherwise normal, one or more fibrils are conspicuous on account of their special thickness and the density of their impregnation. Later, other neighbouring fibrils participate, and these form thick bundles lying in the periphery of the cell. Finally, the cell with its nucleus disappears, and the site becomes marked by a spiral-like bundle of fibrils."
All stages of this process may be demonstrated, ranging from simple intensification of the intracellular fibrillary network to a mere cellular " skeleton " made up of tangled, densely-staining coils (figs 3 and 4). Certain histologists, such as Bielschowsky, Simchowicz and others, believed that these structures are of neuroglial formation and lie outside the cell; the majority, however, regard them as neurofibrillary innature. (c) Bouman has drawn attention to a peculiar alteration in the Purkinje cells occurring in advanced age,-especially in the presence of mental change. The typical appearance comprises a spindle-shaped swelling of the proximal portion of the axons; the interior of the swelling is homogeneous, but a netlike structure may be observed in the periphery. Vacuolation may occur at a later stage. Bouman describes the Purkinje cells with their axonal swelling as " torpedoes."
Disappearance of the neurone leads to a relative demyelinization which may be demonstrated in certain areas by the use of Weigert-Pal staining methods. The tangential fibres in particular show this change.
Glial changes of botn a regressive and a proliferative character are commonly encountered. The latter usually take the form of a diffuse pliosis of the brain, more intense in certain regions. Thus, subpial, subependymal and perivascular types of gliosis are usually demonstrable, with the frequent appearance of "monster-cells." In these situations a reticulated appearance often occurs. The regressive changes in the glia include the finding of rod cells (Stabchenzellen), especially in the molecular layers of the cornu ammonis. Grynfeltt's mucocytic degeneration of the oligodendroglia may also be demonstrable. Microglia cells may be somewhat more numerous, and there is usually an increase in the amount of protoplasm.
In the senile cerebellum, the neuroglial changes differ in being essentially patchy. The gliosis is limited to the perivascular zones, the depths of the fissures, the white matter surrounding the dentate nuclei and the regions immediately around the Purkinje cells. Rod cells may be visible in the white matter.
The combination of diffuse cerebral gliosis with neuronal atrophy leads to shrinkage and loss of weight of the whole brain. There results an internal and external hydrocephalus ex vacuo. The shrinkage may be most marked in the regions of the loci perforatus posticus and lateralis where the brain substance falls away from the basal arteries, causing wide dilatation of the perivascular spaces. On cross section of the brain, this is revealed by the appearance of numerous lacunes of disintegration, particularly in the region of the basal ganglia and internal capsule. Certain authors have described under the term "klasmatodendrosis," fragmentation of the prolongations of the neuroglia into the white matter, as a feature of the senile brain. Bonfiglio, however, believes this to be a post-mortem change. Amongst the various types of deposition within the senile brain may be mentioned:
(a) Corpora amylacea, especially in the fimbria (fig 8) . These bodies may be collected together in groups, especially around the blood-vessels, but they are always separated by minute neuroglial fibres. Oseki has described this appearance under the term " tat gruy6re." (2) The densifcation extends around the vessel, but is still more marked on one side (" signet-ring "). (3) The most distal portion of the dense area became hazy. (4) Exaggeration of the same process. (5) The radial process extends outwards to end in a ring-like structure at the periphery (" the wheel " or " morning-star "). (6) The blood-vessel itself atrophies. (From Critchley: " Natuire and Significansce of Senile Plaques," Journ. Neu&r. and Psychopath., 1929. Reproduced by kind permission of the Editor.) reveals the presence of some substance allied to amyloid in the centre; lipoid may also be demonstrable within the plaque. Microglia plays an important r6le in the formation of these bodies, although neuroglia and oligodendroglia do not participate.
Neurofibrils and, at times, myelinated axis cylinders may be seen. The nature and genesis of the senile plaques have been the centre of widespread and prolonged controversy. To-day they are usually regarded as a special type of tissue-reaction directed against a specific and toxic metabolic process. A primary involutional alteration in the chemistry of the fundamental ground-substance of the nervous system is believed to cause depositions of lipoid or possibly amvloid material. These precipitates are strongly argentophil in staining reaction. A microglial reaction is provoked; Hortega cells become incorporated and insinuate themselves into the innermost portions, where they themselves undergo degeneration. In this way are built up the bodies which we know as senile plaques.
(c) The " fatty plaques" of Laignel-Lavastine and Tinel are possibly entities distinct from the ordinary senile plaque, although Rizzo regards them as artefacts.
There is a lack of certain knowledge as to the extent and relative frequency of the various histological changes in the senile brain. Diffuse fatty degeneration and a moderate degree of numerical atrophy in the nerve cells and glial proliferation constitute the common findings. Alzheimer's tangles may be entirely absent in an individual specimen. Thus no such alteration was found in the brain of one centenarian I have examined, although a widespread though not intense diffusion of Alzheimer's tangles occurred in the cortex of another patient aged 103. I doubt whether senile plaques often occur in the absence of psychical change during life; they were absent from the brains of two patients aged 101 and 103 respectively, which I have studied. Costantini found only a very few plaques in the brain of his " normal old man of 105." Huebner, Simchovicz, LUri and many others, however, describe them in small number in the brains of the aged, increasiug in number with advancing years. The Senile Dementias.--The pathological anatomy of senile dementia in the majority of cases is characterized by an exaggeration of the various histological processes noted in the case of the senile brain. Most pathologists insist that the objective cerebral changes differ from those in the normal senium only in degree; in other words there is no absolute anatomical criterion of senile dementia, and no abrupt frontier between the territories of pathology and physiology.
Examination of a large series of specimens indicates that in dementia the intensification of the pathological changes of senility is not necessarily an evenly distributed process, but may exhibit a selective tendency. Thus, in the so-called presbyophrenic variety of dementia, it was believed that an unusually marked development of senile plaques was characteristic. We now believe that the clinical basis of some of these cases called presbyophrenia was uncertain, and that the brains rich in plaques typically represent the pathology of dementia senilis simplex.
Although senile plaques may possibly occur in the absence of dementia, their presence in large number throughout the cortex is strongly suggestive of dementia. Should the patient be not particularly advanced in years, this evidence is strengthened. In typical instances the plaques will occur in the greatest number in the frontal and temporal regions, and may even be demonstrable in fewer numbers in the central grey matter, the pons and mid-brain, the cerebellum and spinal cord.
The usual pathological picture of dementia senilis simplex therefore comprises an exaggeration of the microscopical changes of senility with a preponderating development of senile plaques.
Whether it is possible to correlate more closely the various clinical subtypes of dementia with a distinct pathological picture, is not yet known. Thus we cannot at present recognize the brain of a depressed senile denment as being different from that of an agitated or confused patient.
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Consideration of the pathology of some of the atypical and " presenile" varieties of dementia reveals that the changes may here also show different varieties of selective development.
Pick's disease, for example, illustrates the purest variety of specialized anatomical change. In this condition there is a marked neuronal atrophy limited to certain regions of the cortex. The other pathological changes of senile dementia, such as Alzheimer's type of fibrillary alteration, and plaques, do not occur. Glial changes of moderate degree exist, but are purely secondary phenomena.
Characteristically, there is a numerical atrophy of the cortical neurones, most obvious in the three upper cell laminTe; the nerve cells which remain may be swollen, but otherwise are not grossly altered in appearance. The diagnosis is revealed macroscopically by a marked convolutional atrophy with widening of the sulci (fig. 11 ). The atrophy may affect the whole of the cortex, but much more frequently is limited to certain regions; the frontal, temporal, and occipital lobes may be affected in this way. Both hemispheres are usually affected, often with striking symmetry.
There is no obvious explanation of the peculiar distribution of the pathological change in this malady; the atrophy does not correspond with vascular territories, and changes in the cerebral vessels are exceptional and non-essential. There is no correspondence with the zones of myelinization as plotted by Flechsig, but Gans has pointed out that in some cases there may be a striking parallelism with Brodmann's cytoarchitectonic areas. Pick's disease may, therefore, be regarded from the standpoint of pathology as a type of involutional process in which cell atrophy is the all-important feature.
In that type of presenile psychosis known as Alzheimer-Perusini's disease, we find in addition to the histopathological changes of senility a preponderance of intracellular fibrillary change. Nerve cell atrophy, neuroglial proliferation and plaque-formation may also occur in some measure, but do not constitute the outstanding feature.
Alzheimer's disease may therefore be looked upon as a type of premature involutional change within the brain, in which the preponderating tissue reaction comprises the development of alterations in the intracellular fibrils.
The pathology of presbyophrenia has not yet been determined with any degree of certainty. At the beginning of this century there was a definite tendency to associate the presence of senile plaques with the diagnosis of this disease. Fischer was the chief exponent of this view; but within more recent years, Uyematsu has pointed out that Fischer's idea of presbyophrenia hardly corresponded with Wernicke's original description, and that Fischer's cases will fall into the cadre of senile dementia, as defined by the American Psychological Association. The more recent studies suggest a close similarity between presbyophrenia and Alzheimer's disease, as regards the pathological picture.
Claude and Lhermitte have drawn attention to another histological variety of senile psychosis which they describe as "Diffuse atrophic cortical sclerosis." This condition presents no obvious clinical points of differentiation from dementia senilis simplex but is distinguished on anatomical grounds by a preponderating overgrowth of the neuroglial fibrils, especially in the cortex.
Claude and Lhermitte's psychosis may therefore be regarded as a subtype of senile dementia in which neuroglial proliferation is the outstanding pathological feature.
It appears, then, that in the varieties of senile psychoses certain of the histological criteria of senility may be exaggerated so as to dominate the picture. Thus, we may have a neuronal atrophy as the outstanding feature-as in Pick's disease; or an excessive fibrillary alteration-as in Alzheimer's psychosis; or an intense plaque formation-as in dementia senilis simplex. One is probably justified in pushing this argument still further and hypothesizing the existence of other varieties of senile psychosis-as yet unidentified-with distinct clinical and pathological pictures. In other words, what we to-day term "senile dementia" may be actually a pigeon-hole in which are concealed many nosological entities, which are allied and yet discrete.
Stief has hinted at the same hypothesis when drawing attention to those cases of senile dementia which are characterized pathologically by an absence of senile plaques. He suggests that such cases actually represent a distinct and possibly diagnosable subtype of the general category of senile dementia.
A note of caution must be struck with regard to slavish attempts to associate clinical with pathological phenomena and with regard to the belief that histopathology can set the seal of finality to this neuro-psychiatric problem. The chemical and physical reactions of nerve-tissue to various dyes are, at the best, a very rough measure of the functional integrity of that tissue during life. It must not be lightly assumed that the presence of scarred or degenerated structures in a brain has necessarily any direct or even indirect connection with signs or symptoms observed during life. These pathological debris are rather the outward signs of a particular type of tissue-reaction to a factor which, while perhaps incapable of ocular demonstration, must nevertheless be regarded as the original basis of both clinical and pathological anomalies. Thus, the presence of numerous senile plaques throughout the cortex of a senile patient does not reveal the immediate cause of the anterograde amnesia, or the intellectual enfeeblement noted during life. The plaques are rather themselves the evidence of a special reaction in the tissues to a metabolic anomaly. Simchovicz has affirmed that the brain of a relatively young senile dement is histologically indistinguishable from that of a normal old man of 100. But although the pathology of the two conditions may be identical, the clinical and psychiatric pictures are probably widely dissimilar.
We are probably nearer the truth if we regard the pathological findings in the senile psychoses as the marks of the reaction of a senile tissue to some outside agency. As the nature of the agent varies, so the histological reaction alters, giving the reaction of a cell atrophy in one case, a neuro-fibrillary reaction in another, and plaque formation in a third.
Evidence in favour of this conception is demonstrable in the fact that the common histological findings in the senile psychoses may also be met with in conditions far removed from senility. Thus, swelling of the Purkinje cells (Bouman) has also been seen in some cases of disseminated sclerosis (Doinikow), in cerebellar atrophies (Striaussler; Rossi), in juvenile G.P.I., in amaurotic family idiocy (Straussler), and in schizophrenia (Schroeder). Senile plaques have also been observed in a few cases of Korsakow's psychosis (Simchovicz; Marinesco), and in tabes (Tiffany). Alzheimer's tangles resemble strikingly the phenomena observed by Cajal after section of the central axon (AchuXcarro and Gayarre), while the various types of regressive change in the glia are found in diverse conditions.
Another question of extreme interest is raised by those cases in which certain anatomical and physiological units within the brain are the exclusive seat of senile processes. There is some evidence to suggest that portions of the nervous system may at times be endowed with a limited viability, so that they are doomed to decay earlier than the rest of the nervous system. Gower's abiotrophic maladies-such as Friedreich's ataxia-may exemplify this point. Of more immediate interest are those maladies occurring in the last third of life, characterized pathologically by a local neuronal decay.
Idiopathic Parkinson's disease is the best instance of a senile process limited to the palaeo-striatum. According to the views of Jelgersma, Lewy, Jakob and others, we are here dealing with a localized process of senility. We may indeed associate ourselves with Stief in regarding the motor anomalies of paralysis agitans as an exaggeration of the alterations in gait, stance, posture and movement characteristic of old age.
Under the title of "senile rigidity" Jakob has drawn attention to a not uncommon combination of mental change and movement-disorder occurring in extreme old age. In Jakob's disease-as it may well be called-a patient far advanced in years gradually deteriorates mentally until the psychical state of senile dementia is attained. A little later, a definite Parkinsonian syndrome develops so that finally the picture of paralysis agitans becomes superimposed upon a dementia. The pathology of this condition is characterized by the formation of plaques and other senile lesions in the corpus striatum and in the cortex.
A limitation of senile histopathological alterations to the cortex of the cerebellum is found in the rare disorder known as delayed cortical cerebellar atrophy. In this condition the signs of a progressive cerebellar dysfunction are linked with an atrophy of the palio-cerebellum (Edinger). Exceptionally, as in the case reported by van Bogaert and Bertrand, mental enfeeblement-presumably due to cortical implication-may co-exist. Senile atrophy of the neo-cerebellum is exemplified in the syndromes described as olivo-ponto-cerebellar atrophy and olivo-rubrocerebellar atrophy.
Conclusion.-There exists to-day an urgent need for fuller detailed information with regard to cases of senile dementia, fuller clinical data together with accurate psychical and neurological analyses, minute histological examinations with the employment of the newer techniques of the Madrid school, and more judicial correlation of the clinical and anatomical aspects, with particular attention to the anomalous and exceptional cases which seem to belong to no particular category.
